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Method and Apparatus for Observing and Inspecting Defects 

BACKGROUND OF THE INVENTION 
10 This invention relates to a high resolution optical system used for 

inspecting and observing fine pattern defects, foreign matter, etc, which appear, for 
example, in manufacturing processes of semiconductor devices and flat panel displays. 
The invention also relates to a defect inspecting apparatus that uses such a high resolution 
optical system. 

15 A conventional technique, which has provided a method and an apparatus 

for photographing the structures of fine lines in width using an optical microscope, is 
disclosed in Japanese Patent Laid-Open No. 7-128595. This technique is characterized by 
the use of light which is linearly polarized by a polarizer positioned at about 45° to the 
linear dimension of a sample. The optical delay axis of a X A wavelength plate placed 

20 between the polarizer and the sample is angled optimally (25° typically) to the main linear 
shape of the sample. This l A wavelength plate converts the linearly polarized light to 
elliptically polarized light, which is then applied to the sample. This elliptically polarized 
light, when reflected from the sample, has a phase difference. The reflected light passes 
through the l A wavelength plate again, then passes through a polarizer provided in a 

25 detecting light path. The light passing through the polarizer forms an image of the sample 
on a photoelectric conversion element. In such conventional apparatus, therefore, the 
phase difference caused by the sample is estimated beforehand, enabling the light set as 
elliptic polarized light to be converted to circularly polarized light after reflection from 
the sample. 

30 In the method and apparatus for imaging structures of fine line width using 

an optical microscope as described, a polarizer is disposed in a lighting light path, and a 
linearly polarized light is passed through the polarizer. Then this linearly polarized light 
is converted to an elliptic polarized light through the X A wavelength plate before it is 
applied to the sample. In such an optical system, therefore, both 0-order diffracted light 
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reflected from the sample and higher-order diffracted light become circularly polarized 
light, and the ratio between the amplitudes of the 0-order diffracted light effective for 
forming optical images and higher-order diffracted light is the same as that of the random 
polarized light (the amplitude of the 0-order diffracted light is larger than that of the 
5 higher-order diffracted light). Consequently, the 0-order diffracted light and the higher- 
order diffracted light interfere with each other, thereby degrading the resolution of the 
optical image of the sample, particularly because the amplitude of the higher-order 
diffracted light is small, and this causes the low frequency component to be increased. 

If an image sensor is used for detecting images, the light intensity is 
10 adjusted so as to prevent saturation. For example, because a cyclical fine pattern 

increases the diffraction angle, the contrast between patterns is small, making detected 
images dark. If a pattern image is detected and this detected image is processed for defect 
inspection, the small difference in contrast between patterns, and the dark image causes 
lower detection sensitivity. 

15 

SUMMARY OF THE INVENTION 
The present invention provides an optical system that can control the 
polarization of both 0-order diffracted light used to form optical images and higher-order 
diffracted light, thereby detecting object patterns for inspection at a high resolution, ' 

20 enabling detection of finer defects. 

To achieve this, the invention provides a method for observing a sample 
with patterns formed thereon. The method includes applying a polarized light to the 
sample through an objective lens, detecting the polarized light applied to and reflected 
from the surface of the sample through the objective lens, thereby calculating a deviation 

25 of the polarized light from the focal point on the surface of the sample in the axial 

direction thereof, then adjusting the height of the sample to the objective lens according 
to the calculated deviation from the focal point, and detecting the polarized light reflected 
from the surface of the height-adjusted sample through the objective lens, as well as a 
phase difference plate and an analyzer. 

30 The present invention also provides another method for observing a 

sample with patterns formed thereon using an optical system. The method includes the 
steps of applying a polarized light to the sample from the optical system set on a first 
polarizing condition, detecting the light applied to and reflected from the surface of the 



sample through a phase difference plate and an analyzer to thereby obtain a first image, 
displaying the first image on a monitor screen, setting the optical system on a second 
polarizing condition according to the displayed first image, applying the polarized light to 
the sample while the optical system is set on the second polarizing condition, and 
5 detecting the light applied to and reflected from the surface of the sample through the 
phase difference plate and the analyzer, thereby obtaining the second image. 

The present invention also provides an apparatus for observing a sample 
with patterns formed thereon. The apparatus comprises a light source for applying a 
polarized light to the sample through an objective lens, a focal point detector for detecting 

10 the light applied to and reflected from the surface of the sample through the objective 

lens, and calculating a deviation of the polarized light from the focal point on the surface 
of the sample in the axial direction thereof, a height adjustment device for adjusting the 
height of the sample to the objective lens according to the deviation from the focal point, 
calculated by the focal point detecting means, and a polarized light detector for detecting 

15 the light reflected from the surface of the sample through the objective lens, as well as a 
phase difference plate and an analyzer when the polarized light is applied from the 
lighting means to the sample whose height is adjusted by the height adjusting means. 

In another embodiment, the present invention provides a method for 
inspecting defects of a sample with patterns formed thereon. The method includes the 

20 steps of applying a polarized light to the sample through an objective lens, detecting the 
polarized light applied to and reflected from the surface of the sample through the 
objective lens, as well as a phase difference plate and an analyzer, thereby obtaining an 
image of the surface of the sample, then comparing the obtained image with a 
corresponding image stored beforehand, thereby detecting defects of the sample. 

25 In yet another embodiment, the present invention also provides a method 

for inspecting defects of a sample with patterns formed thereon which method includes 
the steps of applying polarized light to the sample from an optical system set on a first 
polarizing condition, detecting the light applied from the optical system and reflected 
from the surface of the sample through a phase difference plate and an analyzer to thereby 

30 obtain a first image, displaying the first image on a monitor screen, setting the optical 
system on a second polarizing condition according to the first image displayed on the 
monitor screen, applying polarized light to the sample while the optical system is set on 
the second polarizing condition, detecting the light applied to and reflected from the 




surface of the sample through the phase difference plate and the analyzer to thereby 
obtain a second image, then comparing the second image with a corresponding image 
stored earlier so as to detect defects of the sample. 

Further, the present invention also provides apparatus for inspecting 
5 defects of a sample with patterns formed thereon, the apparatus comprising a light for 

applying a polarized light to the sample through an objective lens, a polarized light image 
detector for detecting the light reflected from the surface of the sample through the 
objective lens, as well as a phase difference plate and an analyzer when the polarized light 
is applied to the sample to thereby obtain an image of the sample, and a defect detector 

10 for comparing the image obtained by the polarized light image detector with a 
corresponding image stored beforehand so as to detect defects of the sample. 

Further, the present invention also provides a high resolution optical 
system comprising an optical system for applying a polarized light to a sample, an optical 
part for polarization for passing a higher-order diffracted light, which is polarized and 

15 rotated by the sample, more efficiently than the 0-order diffracted light, and an optical 
system for detection, used for forming an image of the sample on a photoelectric 
conversion element with the light passing or reflected from the optical part for 
polarization. (For example, the high resolution optical system applies a polarized light to 
the sample with oscillations orthogonal to a line pattern of the sample and the optical 

20 system is provided with a polarizer disposed so as to assume the vibrating direction of 45° 
to the pattern, as a transmission axis.) 

This polarized light can originate from a light passing or reflected from a 
polarized light beam splitter. If such a light is used, a X A wavelength plate and a Va 
wavelength plate are disposed between the polarized light beam splitter and the sample, 

25 so that the Vi wavelength plate is rotated according to the orientation of the pattern, etc., 
thereby rotating the polarizing direction, and the Va wavelength plate is rotated, thereby 
adjusting the ellipticity of polarization. 

Further, the present invention allows the combination of the 0-order 
diffracted light used to form optical images and the direction of the higher-order 

30 diffracted light to be varied in many ways. The combination is important for making the 
high resolution optical system practical. The high resolution optical system is provided 
with functions for collecting images detected respectively by changing the polarization 
status and carrying out a preliminary defect inspection so as to select a polarizing 
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condition for improving the defect inspect sensitivity. The optimal value for the 
polarizing condition can thus be found correctly and quickly. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig. 1(a) is a schematic front cross-sectional view of an embodiment of a 

high resolution optical system of the present invention; 

Fig. 1(b) illustrates light on an object lens and diffracted light reflected 

from a sample; 

Fig. 1(c) shows polarization of the illumination source and polarization of 
10 m diffracted light reflected from the sample; 

Fig. 2 illustrates detection results of optical images of patterns detected by 
the conventional down-lighting and by an embodiment of the present invention; 

Fig. 3 is a schematic front cross-sectional view of a defect inspection 
apparatus in a first embodiment of the present invention; 
15 Fig. 4 is a schematic front cross-sectional view of a defect inspection 

apparatus in a second embodiment of the present invention; 

Fig. 5(a) is a schematic front section view of a defect inspection apparatus 
in a third embodiment of the present invention; 

Fig. 5(b) shows the wavelength range for detecting a focal point; 
20 Fig. 5(c) shows a spectrum reflection factor of the second dichroic mirror; 

Fig. 6 illustrates a recipe display and an optical parameter setting display; 
Fig. 7(a) is a top view of a wafer to be inspected; 

Fig. 7(b) is an expanded top view of part of the wafer shown in Fig. 7(a); 
Fig. 7(c) is a cross-sectional view of the wafer, which is cut at line 125; 
25 Fig. 8 illustrates a sample flowchart for setting optical parameters; 

Fig. 9 illustrates diffracted light images and pattern images; 
Fig. 10(a) is a schematic cross-sectional view of an embodiment of a 
lighting/detecting optical system of the present invention, which uses a polarized light; 

Fig. 10(b) is an image of levels of gray detected in normal bright-field 

30 detection; 

Fig. 10(c) shows the distribution of the brightness at the A-A line in the 
image of levels of gray; 



Fig. 10(d) shows the distribution of the brightness at the A- A line of the 
levels of gray image shown in Fig. 10(b), which is detected by adjusting the phase 
difference in an embodiment of the present invention; and 

Fig. 1 1 is a chart showing the relationship between ellipticity and detected 
light ratio or contrast. 



DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
An embodiment of the high resolution optical system of the present 
invention will be described with reference to Fig. 1(a). A light 180 emitted from a light 

10 source 8 is condensed by a lens 9 and passed through a polarizer 14. The light 180 thus 
becomes linearly polarized light and passes through a half-mirror 15. After passing 
through half-mirror 15, the light 180 strikes a sample 1 through an objective lens 20. 
Light 180 is reflected form the sample 1 and becomes diffracted light 189. Part of the 
diffracted light 189 enters the NA (Numerical Aperture) of the objective lens 20, then 

15 reflected from the half-mirror 15 to an image sensor 70. Detected light 189, when 

oscillating in the direction of the electric field vector (hereafter, the polarized direction of 
the light) on the polarizing plane corresponding to the transmission axis of the polarizer 
22, where it forms an image of the sample 1 on the image sensor 70 through image- 
forming lens 30. 

20 The polarizer 14 determines the direction in which the polarized light 

vibrates with respect to the direction la of the main pattern formed on the sample 1 . (The 
main pattern is often the result of an upper layer of conductive material patterned into fine 
metal lines.) Therefore, the polarizer 14 is positioned so as to polarize light in an 
orthogonal direction to the direction la of the pattern to detect. This plane of the 

25 polarized light is in the direction at the injection eye 19 of the objective lens 20. The 

polarizer 22 passes part of the detected light 189, to be transmitted in a specific vibrating 
plane to the pattern orientation 1. For example, polarizer 22 is set to an angle of 45°. 

Next, we describe the light source, as well as the polarization of the 
0-order diffracted light and higher-order diffracted light reflected from the sample 1 with 

30 reference to Fig. 1(b). We also describe the polarization of the light applied to the sample 
1, as well as the polarization of the 0-order diffracted light and the higher-order diffracted 
light reflected from the sample 1, all with reference to Fig. 1(c). 
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In Fig. 1(b) it is assumed that the light polarized at one point of the 
illumination light 180 on the injection lens is polarized as shown by 300. This polarized 
light 300 matches, or is orthogonal to, the direction 301 for sample 1. Thus, the 
polarization 310 1 of the reflected light (0-order diffracted light) and the polarization 311 
5 of the higher-order diffracted light are the same as the polarization of the illumination 
source. The linear polarization is converted to elliptical polarization, because a phase 
difference is created when the light is reflected and diffracted from sample 1. 

If the polarization direction 300' of the light 180 does not match, nor is 
orthogonal to, the direction for illumination of sample 1, the polarization direction 310' of 

10 the 0-order diffracted light matches with the polarization direction 300 1 of the illumination 
source. The polarization direction 320 of the higher-order diffracted light differs from the 
polarization direction 300' of the illumination source due to rotation of polarization. (The 
actual polarization direction is distributed and the polarization direction mentioned here is 
the direction of the largest amplitude.) Consequently, as shown in Fig. 1(d), the 

15 polarization direction 310 1 of the 0-order diffracted light differs from the polarization 
direction 320 of the higher-order diffracted light. It is thus possible to increase the 
amplitude of the higher-order diffracted light on the image surface by matching the 
transmission axis of the polarizer 22 with the polarization direction 320 of the higher- 
order diffracted light. Consequently, the 0-order diffracted light and the higher-order 

20 diffracted light become almost equal in amplitude and the resolution of the optical image 
formed due to the interference between the 0-order diffracted light and the higher-order 
diffracted light is improved. 

Fig. 2 shows diffracted light images and optical images of a pattern of 
lines and spaces when defects are detected using a conventional down lighting method 

25 and using a polarized light method of the present invention, respectively. The 

transmission axes of the polarizers 14 and 22 used for obtaining images using the 
polarized light method of the present invention are the same as those shown in Fig. 1. 

Numeral value 1 is set for a in both the conventional down lighting 
method and the polarized lighting method of the present invention. The diffracted light 

30 image obtained by the conventional down lighting method distributes the 0-order 

diffracted light. The approximately first-order diffracted light is darker, and has less 
amplitude than the 0-order diffracted light. 
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In contrast, if the polarized lighting method of the present invention is 
used, the diffracted light image obtained will be greater than the first-order diffracted 
light in amplitude, and detected as a brighter image. The approximately first-order 
diffraction image also includes the 0-order diffracted light. More precisely, the first-order 
5 diffraction image is the sum of the O-order diffracted light corresponding to the positive 
first-order diffracted light and the negative first-order diffracted light distribution. This is 
also true for the positive 1 -order diffracted light image. And, the reduced portion of the 
O-order diffracted light is not detected in the diffracted light image at the injection point 
19 of the objective lens 20, because the corresponding higher-order diffracted light is 

10 outside the NA of the objective lens 20. (The diffraction angle of this first-order 
diffracted light is determined by both wavelength and pattern width.) 

Accordingly, the light at the reduced portion of the O-order light is a low 
frequency component not used to form the image of the sample 1 . Thus, the image 
resolution can be improved due to such reduction. With the conventional down-lighting 

15 method it is difficult to separate lines and spaces from each other, because the contrast of 
the lines and spaces (found from the peak (a) and the bottom (b) of the detected contrast 
difference signal) is low (C=0.028). The method of the present invention, however, can 
separate lines and spaces from each other clearly, because in one embodiment the contrast 
is improved to 0.178. According to the present invention, it will be understood that the 

20 resolution is improved significantly compared to the conventional method. 

Fig. 3 illustrates a first embodiment of a defect inspecting apparatus that 
uses the optical system of the present invention. A sample 1, for example, a wafer, is 
held by a vacuum chuck 2. Chuck 2 is mounted on a 0-stage 3 so as to be above a Z-stage 
4, a Y-stage 5, and an X-stage 6, respectively. An optical system 1 1 1 disposed above the 

25 sample 1 is used to detect the optical image of the sample 1, enabling inspection of the 
external appearance of each pattern formed on sample 1 . The optical system 111 mainly 
comprises a lighting system, a detection optical system for photographing the image of 
the sample 1, and a focal point detection optical system 45. 

A light source 8 in the lighting optical system is an incoherent light source, 

30 for example, a xenon lamp. The light emitted from light source 8 is transmitted through 
the aperture of a diaphragm 1 1 and through a lens 9. The light, which passes through a 
wavelength selecting filter 12 and another lens, reaches a visual field diaphragm 13. This 
wavelength selecting filter 12 limits the wavelength range, thereby detecting a high 
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resolution image of the sample 1 by taking the spectral reflection factor of the sample 1 
into consideration. For example, an interference filter is employed. The light, which 
passes through the visual field diaphragm 13, passes through a polarizer 14 to become a 
linearly polarized light. This polarized light then passes through a half-mirror 15 and 
5 enters an objective lens 20 to illuminate sample 1. 

After illuminating the sample 1, the light is reflected, scattered, and 
diffracted by the sample, and part of the light enters the objective lens 20 again and 
reaches the half-mirror 15. The light is then reflected from the half-mirror 15 and enters 
the polarizer 22. The polarizer 22 is positioned around the reflected light axis so as to 
10 transmit the higher-order diffracted light more than the 0-order diffracted light. Passing 
through the polarizer 22, the light passes through the image forming lens 30 and the zoom 
lens 50, then forms an image on the light-receiving surface of the image sensor 70. The 
image sensor 70 is, for example, a linear sensor, a TDI image sensor, a TV camera, or 
other imaging device. 

15 At this time, the focal point detection light must be provided to the focal 

point detecting optical system 45 for automatic focusing of the object image. The light 
dividing means 25, for example, can be a dichroic mirror. The focal point detection light 
forms an optical image having the height information of the sample 1 on the sensor 41 
through the image forming lens 40. The output signal from the sensor, which detects this 

20 optical image, is supplied to a focal point detection signal processing circuit 90. Circuit 
90 detects the deviation between the height of the sample 1 and the focal point of the 
objective lens 20, thus transmitting the detected deviation to the CPU 75. Using this 
deviation value, the CPU 75 instructs the stage controller 80 to drive the Z-stage 4 so the 
stage controller 80 transmits a predetermined pulse to the Z-stage 4. The automatic 

25 focusing function is thus stated. 

The image signal obtained by detecting the optical image of the sample 1 
at a photoelectric conversion element 70 is provided to an image processing circuit 71 so 
as to store the image and determine defects. The X-stage 6 and the Y-stage 5 are used for 
moving the sample in two dimensions in the X-Y directions. The ©-stage 3 is used for 

30 rotational alignment of the pattern formed by the sample 1 . 

Although the optical system of the down-lighting method has been 
described in this embodiment, the resolution R of this optical system is generally found 
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from an expression of R = X I (2NA). As shown in Fig. 2, however, an optical system that 
uses linearly polarized light can obtain a higher resolution than R. 

Next, second embodiment of the defect inspecting apparatus of the present 
invention will be described with reference to Fig. 4. The light emitted from a light source 
5 8 passes through an aperture diaphragm 1 1 via a lens 9 and enters a polarized light beam 
splitter 15 via a wavelength selection filter 12 and a visual field diaphragm 13. The light, 
which passes a X 1 2 plate { V A wavelength plate) 16 and a X I A plate (V4 wavelength plate), 
illuminates the sample 1 through an objective lens 20. The XI 2 and XI A plates provide a 
phase difference to the P-polarized light passing through the polarized light beam splitter 

10 15. By rotating the XI 2 plate 16 around the light axis, the polarizing direction of the 

polarized light is set at a predetermined angle (e.g., 90° shown in Fig. 1). The XI A plate 
17 is a phase difference plate for transforming the linearly polarized light to elliptically 
polarized light. The detected light, which illuminates sample 1 through the objective lens 
20, passes through the XI 2 and XI A plates 16 and 17 again and is reflected by beam 

15 splitter 15, and it is led into the detected light path. 

If no X I A plate 17 is used in the optical configuration shown in Fig. 4, the 
light reflected positively (0-order diffracted light) by the sample 1 passes through the 
polarized light beam splitter 15. Therefore, only the higher-order diffracted light is 
provided to the detecting light path. If a polarized light beam splitter 15 is used and 

20 provided with the same functions as those of the polarizers 14 and 22 in the configuration 
shown in Fig. 3, a X, / 4 plate 17 provides 0-order diffracted light having the same 
amplitude as the higher-order diffracted light to the detecting light path. 

If 45° is taken between the light axis of the crystal of the XI A plate 17 and 
the polarizing direction of the illumination, the light passing through the XI A plate 17 

25 becomes circularly polarized light. In this case, the light intensity supplied to the 
detecting light path is increased. This is because the light intensity of the 0-order 
diffracted light, which is a low frequency component, is increased. As a result, the 
contrast of the image is lowered more than the linearly polarized light. This is why the 
optimized angle between the light axis of the crystal of the X I A plate 17 and the 

30 polarization direction of the illumination source is changed by, for example, the phase 
difference of the sample 1 . Accordingly, the X I A plate 17 should be allowed to rotate to 
enable the phase difference of the sample 1 to be changed. If the plate 17 is so composed, 
part of the light reflected and diffracted by the sample 1 passes through the X 1 2 and XI A 
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plates 16 and 17 again and is reflected by the polarized light beam splitter 15, thereby 
forming an optical image of the sample 1 on the image sensor 70. 

The third embodiment of the defect inspecting apparatus of the present 
invention is described with reference to Fig. 5. In this embodiment an illumination source 
5 of less than 200 to 250nm in wavelength is employed. Because resolution is improved 
with a shorter wavelength, the use of an ultra-violet light or a DUV (Deep Ultra Violet) 
light is effective to further improve resolution. The optical system shown in Fig. 5(a) 
allows a light emitted from an ultra-violet beam source 8 to pass to a beam splitter 15 
through optical system 112. The polarized light passing through this beam splitter 15 

10 passes the X 1 2 and X 1 4 plates 16 and 17, so that the light has a phase difference. The 

light then strikes sample 1 from above through the objective leans 20. The down-lighting 
consists of an ultra-violet light for the visual field and a focal point light for detecting the 
height of the sample 1. 

The focal point light is effective if it is visible light, which is not absorbed 

15 by a flattening film. If light is completely absorbed by a flattening film, the height of the 
sample 1 cannot be detected. The wavelength for this focal point detecting light is 
determined by the spectrum reflection factor of the dichroic mirror 25. Fig. 5(b) shows 
an example in which light of not less than 650nm in wavelength is used as such a focal 
point detecting light. 

20 The light path for detecting bright-field images using an ultra-violet light 

• is a light path reflected from the second dichroic mirror 26. The light path detects images 
on the surface of a sensor 70a through an image forming lens 30a. This ultra-violet beam 
wave range is determined by the spectrum reflection factor of the second dichroic mirror 
as shown in Fig. 5(c). 

25 If the ultra-violet beam is applied to the sample 1, the sample 1 generates a 

fluorescent light depending on the material. This fluorescent light can be used to detect 
defect images. In this case, the fluorescent light makes it possible to detect even the 
defects that cannot be detected in bright-field images. Such an optical system can be put 
into practical use if it is composed so as to form an intermediate image through an image 

30 forming lens from a light passing two dichroic mirrors and project this image expanded 
by a zoom lens 50 on the image sensor 70. An objective lens for ultra-violet lights can 
correct the aberration with the ultra-violet beam, but the focal point detecting light should 
be a light with less aberration from the ultra-violet bean. 
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Fig. 6 illustrates how to set optical parameters for inspecting defects of a 
pattern using the defect inspecting apparatus of the present invention, for example, as 
used in a semiconductor manufacturing process. At first, an inspection recipe is 
displayed on the screen. The ID of a wafer to be inspected according to this displayed 
5 recipe is registered. After that, the type of wafer is entered. This makes it possible to 
identify the type of each defect, as well as the process in which the defect is detected. 
Furthermore, the inspection area is specified with, for example, coordinates of the object 
wafer. Although this defect inspection method detects each defect by obtaining the image 
of a pattern formed on the object wafer, there are also other inspection methods, including 

10 a method for detecting defects by detecting differences by comparison between images of 
adjacent chips, and a method for detecting differences as a result of comparison between 
design data and an object image. One of these methods is selected for "Inspection 
Method." Then, the threshold of a difference image, is entered so as to position image 
and decide the defect detection sensitivity for "Image Processing Parameters." The defect 

15 detection sensitivity is also set so as to change the "Optical Parameters." 

Changing the "Optical Parameters" is next described. The menu "Optical 
Parameters" is selected on the recipe screen to display the "Optical Parameters" setting 
screen. On this "Optical Parameters" setting screen, necessary parameters are set by 
selecting from 1, Polarization Characteristics; 2, Wavelength; 3, Lighting a; and 4, Space 

20 Filter, etc. The choice (1, Polarization Characteristics) decides the polarization of both 
the lighting optical system and the detecting optical system with, for example, a number. 
If the number for specifying polarization characteristics for higher defect detection 
sensitivity is already known, the number is entered. However, since such polarization 
characteristics for higher defect detection sensitivity are not defined yet in the initial 

25 inspection of a wafer, polarization characteristics effective for improving the defect 

detection sensitivity are selected according to the object pattern shape. The relationship 
between such a pattern shape and polarization characteristics is found, for example, from 
the relationship shown in Fig. 1(a). 

The choice "2, Wavelength" selects a light wave range for a higher 

30 contrast for defects. For example, a high wavelength range is selected for a higher 

reflection factor of the object pattern to inspect. Otherwise, a wavelength range should be 
selected for a larger difference of brightness between the pattern and the background (no- 
pattern region). In the case of a wafer treated with chemical mechanical polishing 
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(CMP), if the film thickness is uneven, the brightness of the detected image becomes 
uneven due to the interference of the insulating film. Since the unevenness of this film 
thickness is not a defect, the difference of brightness appears as a noise in the defect 
inspection. To reduce such a brightness difference, increasing the lighting wavelength 
5 range is effective. However, because an increase of wavelength range differs between the 
design thickness of the insulating film and the error, the choice of a lighting wavelength 
range from the insulating film thickness is effective. This is why the thickness of the 
object insulating film is entered as a condition for selecting the lighting wavelength range. 

The "Lighting a" selects an aperture diameter of the aperture diaphragm 

10 1 1 of the lighting system. If a hole-like pattern is formed on the sample 1, the lighting a 
value should be set smaller than that of the line-like pattern so as to improve the defect 
detection sensitivity. 

A space filter is an optical filter for reducing the amplitude transmission 
factor of the 0-order diffracted light or giving a phrase difference to the 0-order diffracted 

15 light at a Fourier transformation surface (the injection point of an objective lens or at a 
position common to this injection point (the position of the zoom lens 50)). Disposition 
of such a space filter according to the shape, density, etc., of the object pattern enables the 
resolution of the image to be improved. If the optical parameters are set as described, the 
image is sensed more effectively for detecting defects. Whether or not the set conditions 

20 are proper, however, depends on the shape of the object pattern and the structure of the 
object wafer. 

As shown in Fig. 7(a), patterns are disposed regularly on a wafer in units 
of an exposure field of the object. Fig. 7(b) shows an expanded view of the 1 ! portion of 
the wafer 1. The wafer 1 has patterns la and la 1 to be inspected, as well as a pattern lc, 

25 etc., formed on the previous process. Fig. 7(c) shows a cross-sectional view of the wafer 
1, which is cut at the line 125. It is assumed that the patterns la and la' to be inspected 
are formed on an insulating film lb, and the pattern 1c, not to be inspected, is formed in 
the insulating film lb. In this case, the patterns la and lb are to be inspected mainly in 
the vertical direction. Thus, if optical parameters are set so as to increase the contrast of 

30 the object pattern in this direction, the defect detection sensitivity can be improved. 
However, since the optimal value of each of those optical parameters depends on the 
shape and structure of the object pattern, time is required to determine such an optical 
value. 
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Fig. 8 is an optical parameter setting flowchart for setting optical 
parameters quickly and effectively. At first, a wafer is loaded in the inspecting apparatus, 
then the inspection area is moved into the visual field of the optical system. After that, a 
necessary parameter range for obtaining a preliminary image is entered for each of the 
5 optical parameters (1, Polarization Characteristics; 2, Wavelength; 3, Lighting c; and 4, 
Space Filter). Next, each image is obtained using the set conditions and displayed so as 
to easily check diffracted images and pattern images. In addition, the total sum of 
secondary differential values indicating pattern contrast and pattern sharpness, etc., are 
displayed. Consequently, optical parameters, as well as optical image resolution 
10 information can be listed to enable optimal values of optical parameters to be decided 
easily. 

The final optical parameters are decided from a viewpoint of whether or 
not the object image is effective to detect defects. Consequently, the object optical 
parameter range is narrowed from the contrast and the sum of secondary differential 

15 values mentioned above, and finally the optical parameters are decided by changing those 
parameters while a preliminary inspection is carried out. As a result of such a preliminary 
inspection, for example, optical parameters are decided according to the inconsistent 
values (average, maximum, and deviation) of a difference image in a normal portion and 
the result of comparative inspection (detected defect count, defect signal level, S/N, 

20 which is a ratio between the maximum inconsistency value N in a normal portion and an 
unmatching count in a defect portion S, and other factors). According to such, the optical 
parameters setting process, at least one of the necessary optical parameters is set, thereby 
enabling other optical parameters to be set effectively for a high defect detection 
sensitivity. 

25 Fig. 9 is an example of displaying diffracted light images/pattern images 

shown in the list of optical conditions and optical images in the optical parameters setting 
process flow shown in Fig. 8. As an example of displaying a series of diffracted light 
images/pattern images, the polarization status is assumed as a parameter. At first, the 
polarization direction of a polarized light may be defined for the directions of the XY 

30 stages and the orientation flat of the wafer. For example, 90° and 45° of the polarization 
direction of the illuminating light and the detecting light mean angels between the main 
direction of an object pattern to inspect and the polarization direction of the main light 
beam. 
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This display makes it possible to estimate a ratio between the amplitude of 
a higher-order diffracted light and the amplitude of the 0-order diffracted light from a 
diffracted light image. In addition, if there are many patterns to inspect in various 
directions, it is possible to detect each of those pattern directions, the contrast, etc., from 
5 pattern images. In addition, if the light intensity distribution of an image is displayed 
with a polygonal line graph, etc., it is easier to recognize the brightness level, etc. In 
addition, it will be understood from the contrast and the sum of secondary differential 
values that the resolution of images is improved at around 90° and 68° of the polarization 
directions of the illumination light. Consequently, if the next preliminary inspection is 

10 carried out on this condition, optical conditions for enabling a high sensitivity inspection 
can be set quickly. 

Fig. 10(a) shows detecting bright-field and dark-field images by 
polarization, and detecting neutral images of the bright-field and dark-field images. Light 
180 is randomly-polarized light. If the light 180 is provided to the polarized light beam 

15 splitter 15, only the light having the appropriate polarized light component passes through 
the splitter 15. This polarized light is then passed through the XI 2 and X 1 4 plates 16 and 
17, thereby changing both the rotation of the polarization direction and the ellipticity of 
the polarized light. The illumination, when reflected from the sample 1, is given a phase 
difference according to the phase jump and the sample pattern, thereby changing the 

20 polarization status. If a light is diffracted at an edge of a pattern, etc., the polarization 

status is also changed according to the direction of the diffracted light. These reflections 
are caught by the objective lens 20 and passed to the polarized light beam splitter 15 
through the X 1 2 and X I 4 plates 16 and 17. The polarized light component is reflected 
from the splitter 15 so as to form a bright-field image on the sensor 70. 

25 If a detected image is a levels-of-gray image as shown in Fig. 10(b) in a 

normal bright-field detection, the brightness distribution at the line A-A will be as shown 
in Fig. 10(c), and the image becomes dark in the dense pattern portion on the left side of 
the image. Although the contrast of the dense pattern portion can be increased by 
increasing the light intensity, the brightness in the flat portion on the right side of the 

30 image is further increased, saturating the CCD sensor 70 and causing blooming. This is 
why the light intensity cannot be increased, and the dense pattern cannot be detected 
without proper contrast. However, if the phase difference is adjusted using the XI 2 and 
XI 4 plates 16 and 17, it is possible to reduce the light intensity on each flat portion, 
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which is reflected from the polarized light beam splitter as shown in Fig. 10(d) and 
increase the reflection of the diffracted light from the dense pattern portion. The 
brightness both at a dense pattern and at a flat portion can thus be detected on the same 
level. 

5 It is therefore possible to detect high contrast images regardless of the 

pattern density, etc., and detect pattern defects, etc., easily even in a dense pattern portion 
of the wafer. To achieve this, if linearly polarized light is used to illuminate the sample 1, 
the polarization direction of the polarized light and the orientation of the pattern are set at 
right angles. The polarization direction of the polarized light can be rotated by rotating 
10 the X- / 2 plate. 

For a wafer on which a CMP treatment is used, the brightness can become 
uneven due to the uneven thickness of the film, mainly in areas of lower pattern density. 
Because this brightness unevenness is not a fatal defect, the noise appearing during defect 
detection can be reduced by reducing the detected light intensity at a flat portion. 

15 Consequently, if the reflected light intensity from a flat portion is set lower than that from 
a high pattern density portion, it is possible to increase the defect signal of the high 
pattern density portion whose fatality is comparatively high, and reduce the noise caused 
by a reflected light from the flat portion whose fatality is comparatively low. As 
described above, defects can be detected even with CMP wafers at a high sensitivity. 

20 In the optical system as illustrated in Figs. 3, 4, 5 and 10, linearly polarized 

light reaches a X A wavelength plate 17 and is converted into elliptically polarized light. 
The elliptically polarized light strikes the sample 1 through the objective lens 20. Light 
reflected or refracted from the sample is collected by the object lens 20 and its phase is 
shifted by passing through the V* wavelength plate 17 again. 

25 By rotating the l A wavelength plate 17, the ellipticity of the elliptically 

polarized light which illuminates the sample 1 is changed. The relation between an 
ellipticity and image contrast of the sample 1 detected by the image sensor 70 is 
illustrated in Fig. 1 1 . The ellipticity is for distinguishing the polarizing direction, 
clockwise or counterclockwise. The contrast of the image is determined from an image 

30 of periodically repeating line patterns formed on the surface of the sample 1 . When the 
light intensity is constant, the amount of light detected by the image sensor 70 decreases 
with the reduction of the absolute number of the ellipticity. A light intensity ratio is 
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defined as a relative amount of light compared to the circularly polarized light (its 
ellipticity is 1 or -1). 

In Fig. 11, when the ellipticity is -0.18, the contrast is maximized. 
Therefore, to detect a defect of periodically repeated line patterns, it is desirable to set the 
5 ellipticity of the illumination light at approximately -0. 18. On the other hand, the light 
intensity ratio decreases to 0.1 at that ellipticity. So, when detecting a defect by setting 
the ellipticity of the illumination at approximately -0.18, the intensity of light emitted 
from the light source 8 needs to be about ten times more than that of when the ellipticity 
is 1 or -1, a circularly polarized illumination light. 

10 In some cases, ellipticity of the illumination light source to have maximum 

inspection sensitivity is not the same to that which has a maximum contrast. It is 
desirable to determine the ellipticity of light as follows. At first, detecting a defect 
several times by setting the ellipticities of the illuminating light between -0.4 and -0.1, 
where the contrast of image is relatively high. Then, from the result of the detection, 

1 5 determining the ellipticity of light to obtain a maximum defect detecting sensitivity. 

The technique for realizing a high resolution can also apply to a projection 
type exposure unit to be employed for patterning semiconductors, etc. More specifically, 
a polarization element is disposed between reticule and wafer so that a polarized light 
illuminates the reticule, which is an original sheet, and the amplitude of the 0-order 

20 diffracted light passing through the reticule becomes equal to the amplitude of a higher- 
order diffracted light, forming a high contrast reticule image on a wafer coated with a 
resist. The margin of the resist development is thus increased and thereby improving 
productivity. 

As described above, according to the present invention, it is possible to 
25 provide an optical system, which can control the angle between the polarization direction 
of the electrical field vector and the orientation of the object pattern on the polarizing 
plane of illumination according to the object pattern formed on the sample, thereby 
providing high resolution images of defects so as to detect more fine defects. The present 
invention also makes it possible to set a polarization direction of the electrical field vector 
30 on the polarizing plane, light wavelength, etc., more efficiently, thereby providing a 

higher resolution optical system and a defect inspecting apparatus with a high sensitivity 
using such a high resolution optical system. 
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The preceding has been a description of the preferred embodiment of the 
invention. It will be appreciated that deviations and modifications can be made without 
departing from the scope of the invention, which is defined by the appended claims. 



